Temperature dependented Low-Energy Electron Diffraction (LEED)
Our LEED measurements at RT show clear 1×1 diffraction point, indicating a dominate (001) terminate surface. Additionally, √2 × √2 defraction point is also observed and it represents the RuO6 octahedral rotation of Sr 2 RuO 4 . We also performed the temperature dependent LEED measurements ( fig. S1 ) and did not find clear changes of the diffraction pattern from 166 K to RT (Neer Temperature is about 240 K).
Therefore we can conclude that the metal to insulator transition of Sr 2 IrO 4 is not accompanied with structrual change. 
Determination of high index facet in Sr 2 IrO 4
From the height profile along the blue line in fig. S2a , the angle between the orientations of the two surfaces is about 50°. This help to find which plane this exposed high-index facet is. There are several reasons to assign this facet to (661); this plane orients in the angle about 47° with (001) surface, in good agreement with the experimental observation. Most important, atomic resolved STM image in this plane indicates a pseudo-hexagonal surface structure, which can only be found in this (661) surface. Tetragonal crystalline structure of Sr 2 IrO 4 , make the hexagonal lattice only possible at special exposed plane. Besides that, the size of the pseudohexagonal lattice of (661) facet is in good agreement with the experimental value. 
Fiting the STS gap with different gap symmetries
An STM tip collects electrons from all directions in the sample indiscriminatly. Therefore, the DOS curves meausred by an STM are an average over k-space. For many materials, e.g. conventional superconductor, the gap symmetry is isotropic s-wave. In such case, k-dependence of gap Δ(k) is constant as a function of angle. Therefore, when the STM averages over angle, the resultant DOS shows a square gap shape.
For comparison, the gap in d-wave superconductor cuperates has four-fold symmetric kdependence. An electron entering the tip from one direction may see a 30 meV square gap, while the electron from another direction may see no gap. The average of all the directions gives a Vshaped gap in tunneling spectrum. However, neither a isotropic, square gap nor v-shaped gap can be fitted to the inulating gap of Sr 2 IrO 4 .
The gap in Sr 2 IrO 4 has to be anisotropic, reflecting the d-symmetry of 5d electron nature. In ab plane (which is the (001) surface), gap Δ(k) is angle-dependent, having four-fold symmetry.
However, distinct from d-wave superconducting gap in cuperates, k-denpendence of gap Δ(k) has non-zero minimum. A formula for the gap as a function of angle, can be described by:
The lowest order terms consistent with d x 2 -y 2 symmetry are cos(2θ) and cos(6θ). A proposed Δ(k) for Sr 2 IrO 4 is shown in Fig. 2(d) , which has d-symmetry and non-zero gap minimum. Such gap landscape can fit better to the experimental gap ( Fig. 2(d) ).
For high-index facet, e.g. the (611) surface, various ansotropic gap landscapes were tested and a two-fold symmetric landscape (shown in Fig. 2(d) ) was assigned to this facet. With such anglegap-dependence, the gap in the (611) surface can be fitted exceptionally well (Fig. 2(c) ).
The tilt distortion of surface IrO 6
If the surface has the same symmetry as the bulk (bulk-truncated), the LEED pattern should look like Fig. 1(a) , where circles represent pattern expected from tet -(1 × 1) structure, and solid dots are fractional spots with the appearance due to (√2×√2)R45° unit cell. Considering the structure factor, the fractional spots (circles) will extinct along the two glide lines, which are represented by dash lines in Fig. R3b and c, as observed on the surface of Sr 2 RuO 4 . Under this rotational distortion, the surface still maintains C4v symmetry. If there is the tilt distortion of surface octahedron, the C4v symmetry will be broken by inducing two domains, thus eliminating both glide lines. Therefore, the fractional spots will appear in such case. Here we show the LEED image taken both below and above T N . Both LEED patterns show weak fractional spots appearing along two glide lines, which suggest there is a slight tilt distortion of IrO6 octahedron on this surface. The effect of surface octahedron tilting on the electronic ground state remains unknown and such discussion is beyond the scope of this paper. At least in our STS results on (001) surface, such effect doesn't cause a dramatic change of electronic ground state of material.
(As we know, the tilt distortion of IrO 6 octahedron lowers the symmetry of Sr 2 IrO 4 and results in a four times larger unit cell. Martins et al. (001) terrace and (661) facet at different temperature points (4.2 K, 78 K, 135 K and 195 K). As shown in this figure (Fig. S4) , we can see the gap on both two surfaces has similar size and temperature dependence. 
